Abstract. In the paper a compact alternate direct implicit difference method for the four dimensional constant coefficient reaction diffusion equations is studied. Firstly, a compact difference scheme is derived by combining methods of order reduction and dimension reduction. The expression of the truncation error is given in detail. Secondly, we introduce the transition layer variable methods which give tightly alternating direction difference scheme. The stability and convergence of difference schemes are proved by using Fourier method. The order of convergence is . Finally, the simulation results coincided with the theoretical analysis which verified the effectiveness of our method.
Introduction
Reaction-diffusion equations have been used to describe the systems and problems in various domains of applied sciences. Many works have been devoted to the qualitative analysis of these systems (see PaoCV(1992) (2006)). In this paper, we present a numerical treatment of a system of four-dimensional reaction-diffusion equations with nonlinear reaction terms by a compact finite difference alternating direction implicit method. This includes the qualitative analysis of the resulting discrete system and a basic monotone iterative algorithm for the computation of numerical solutions. The reaction-diffusion system under consideration is given by: 
Alternating direction implicit (ADI) methods are popular methods to solve two/three dimensional parabolic differential equations (see Dai W(2000) , DouglasJJ(1964), Karaa S(2006), Peaceman(1995) ). For this purpose, we only need to solve a sequence of tridiagonal systems. Hence, the overall computation is straightforward and fast. As a representative work, Liao(2002) presented a compact finite difference ADI method by using the Crank-Nicolson technique. Since an ADI technique is adopted, this method reduces the two-dimensional problem to two one-dimensional problems. This reduction gives a practical advantage in the computation of numerical solutions. However, its higher-order convergence was exhibited only numerically through two test examples in Liao(2002) . To the best of our knowledge, there are no theoretical analysis (such as the existence-uniqueness problem and the convergence of numerical solutions)exist so far for this method. Therefore, it is necessary to develop a novel iterative algorithm to compute its solutions.
Construction and Truncation Error of the Compact Difference Scheme
It is assumed that the solution of (1) is sufficient smooth.
Equation (2) is first-order differential equations, which reduce the orders of equation by one comparing with (1).The scheme of equations (3) is one-dimensional problem and the dimensions drop three dimensions. Based on equation (2) in
, then we have
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Let ABCD act on the top formula: 
So difference scheme (5) 
Considering schemes (6), we know that the result used one-dimensional implicit scheme in the direction of , , , x y z q . At each time level, this is a tridiagonal system of linear algebraic equations which can be solved. Therefore, less computation is involved.
The Stability and Convergence of Difference Scheme
According to Fourier method, suppose that
 . We obtain propagation factor of the scheme(5):
We have
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( 1 2( 1 6 According to Von Neumann condition, we know that the difference format (5) is unconditionally stable. Integrating with the discussion of section (2) and considering to stability and convergence of Lax theorem, the following theorem is obtained.
Theorem 1
(13) is absolute stability and convergence order of the difference scheme is 24 () oh   .
Extrapolation Method
We can improve the convergence order of (13) by using extrapolation methods. According the discusses section (2), we have
This means 
Numerical experiments
The initial value problem in (1 ) sin( ), sin ( 1 ) sin( ), sin ( 1 ) sin( ) , sin( 
The exact solution of the above problem is Table 1 shows that the scheme in this paper has a good fit with exact solution. Extrapolation methods in this paper have ten significant digits fit with exact solution, so it significantly improves the precision.
Conclusions
In this paper, we analyzed a compact alternate direct implicit difference method for solving a system of the four dimensional constant coefficient reaction diffusion equations. We obtained the existence and uniqueness of the numerical solution, and theoretically showed that the numerical solution has the accuracy of fourth-order in space and second-order in time. The numerical results presented coincide with the analysis very well and demonstrate the high efficiency of the method. We also extended the method of Richardson's extrapolation method for four dimensional partial differential equations.
